Although apraxia is one of the most frequent signs in corticobasal degeneration, the phenomenology of this disorder has not been formally examined. Hence 10 patients with corticobasal degeneration were studied with a standardised evaluation for different types of apraxia. To minimise the confounding effects of the primary motor disorder, apraxia was assessed in the least affected limb.
primary motor disorder, apraxia was assessed in the least affected limb. Whereas none of the patients showed buccofacial apraxia, seven showed deficits on tests of ideomotor apraxia and movement imitation, four on tests of sequential arm movements (all of whom had ideomotor apraxia), and three on tests of ideational apraxia (all of whom had ideomotor apraxia). Ideomotor apraxia significantly correlated with deficit in both the mini mental state examination and in a task sensitive to frontal lobe dysfunction (picture arrangement). Two of the three patients with ideomotor apraxia and ideational apraxia showed severe cognitive impairments. The alien limb behaviour was present only in patients with ideomotor apraxia. In conclusion, ideomotor apraxia is the most frequent type of apraxia in corticobasal degeneration, and may be due to dysfunction of the supplementary motor area. There is a subgroup of patients with corticobasal degeneration who have a severe apraxia (ideomotor and ideational apraxia), which correlates with global cognitive impairment, and may result from additional parietal or diffuse cortical damage. (7 Neurol Neurosurg Psychiatry 1994; 57:455-459) Corticobasal degeneration is a slowly progressive disorder characterised by an asymmetrical akinetic-rigid syndrome, often accompanied by other involuntary movements, particularly myoclonus, and associated with lateralised cortical signs such as alien limb behaviour and sensory loss, as well as apraxia. Cognitive decline, when evident, usually develops late in the course of the disease, and language disturbances are absent or mild.' Computerised axial tomography or MRI may demonstrate asymmetrical frontoparietal cortical atrophy in the later stages of the illness. Positron emission tomography shows a combination of parietal and frontal hypometabolism and an asymmetrical decrease of fluorodopa uptake in the striatum and medial frontal cortex.378
When fully developed, the disorder has a distinctive clinical picture, but the initial manifestations of basal ganglia dysfunction may be confused with other akinetic-rigid syndromes. Therefore, findings such as apraxia are essential for the clinical diagnosis.' 57
The pathological process in corticobasal degeneration affects many brain structures involved in praxic functions (parietal and non-primary motor cortex). Apraxia has been described in about 80% of patients, but the nature of this deficit has not been systematically examined.'-We have tested 10 patients with corticobasal degeneration for the presence of buccofacial apraxia, ideomotor apraxia, and ideational apraxia, and have correlated these phenomena with other cardinal features of the disorder. One important limitation in the evaluation of limb apraxia in corticobasal degeneration is how to assess this disorder in the presence of an akinetic-rigid syndrome and involuntary movements. To minimise this problem we only examined praxic functions in the less affected limb.
Patients and methods
Ten patients with corticobasal degeneration were studied (table 1) . Criteria for diagnosis were the insidious onset and gradual progression of an asymmetric levodopa-resistant akinetic-rigid syndrome, with or without other basal ganglia features (dystonia, tremor), associated with signs of cortical dysfunction such as cortical sensory loss, alien limb, or apraxia.
Apraxia was evaluated by a neurologist with a structured assessment. Gestures were scored as apraxic only when: (1) no abnormal involuntary movements (for example tremor, dystonia, myoclonus) coincided with the motor response; (2) comprehension of the command was normal; (3) patients could properly name all the objects tested; and (4) the abnormal response was not corrected after verbal instructions were repeated once. BUCCOFACIAL 
APRAXIA
Patients were asked to perform 10 gestures (for example, stick out the tongue, blow out a match, sniff a flower), and were given three points when the movement was accurately performed; two points when correct only after (MMSE R2 = 0-63, F (1,8) = 13-8, p < 0-01; and picture arrangement R2 = 0-78, F (2,7) = 12-3, p < 0-01). Ideational apraxia scores only correlated with MMSE scores (R2 = 0-52, F (1,8) = 7-60, p < 0 05). No significant correlations were found between the independent variables and scores of buccofacial apraxia. Finally, the alien limb behaviour was only present in patients with apraxia (five out of seven, four with ideomotor apraxia and one with both ideomotor apraxia and ideational apraxia). Four patients showed a right alien limb and one patient had a left alien limb.
Discussion
Ideomotor apraxia was found in the less affected limb in seven out of 10 patients with corticobasal degeneration. In two patients the praxic disturbances were mild and only emerged after a comprehensive assessment. Therefore, as apraxia is a key finding for the diagnosis of corticobasal degeneration,'-5 the performance of pantomimes should be assessed in the less symptomatic side whenever the disease is suspected.
One limitation of any study of apraxia in corticobasal degeneration is how to examine the accuracy of learned skilled movements in patients with akinesia, rigidity, and involuntary movements. To minimise this problem, we examined the limb with less motor involvement and also assessed recognition of motor acts. If apraxia in corticobasal degeneration is related to the motor disorder rather than a "true" apraxia, there should be no association between the presence of apraxia and side of initial symptoms because, except for patients with callosal lesions, apraxia is always bilateral. We found, however, that patients who had initial symptoms in the right limb (left hemisphere dysfunction) had a significantly higher frequency of ideomotor apraxia than patients with initial symptoms in the left limb (right hemisphere dysfunction). This finding is in agreement with the fact that most right handers have the "movement formulae" or visuokinesthetic motor engrams stored in the left hemisphere, and ideomotor apraxia almost always results from left but not right hemisphere lesions.' IO1 According to Liepmann, the learning of a skilled motor behaviour requires the acquisition of both a "movement formulae" and an "innervatory pattern" which would convey the formulae information to the appropriate primary motor areas.'0 The movement formulae are thought to be stored in the inferior parietal lobe and coded in a three dimensional supramodal code." The supplementary motor area, which receives strong projections from the parietal lobe, projects to the primary motor cortex and has neurons which discharge before motor neurons, is probably the structure where these space time representations are transcoded into an innervatory pattern before a skilled movement takes place.'2 13 Heilman et al proposed the presence of two forms of ideomotor apraxia. In the first, patients with lesions of the left parietal lobe that damage the visuokinesthetic motor engrams develop a bilateral deficit in the production of skilled motor movements, associated with a gesture comprehensiondiscrimination disorder. Three patients with severe ideomotor apraxia (cases 6, 7, and 8) also had deficits in gesture comprehension and discrimination, which suggests damage to the inferior parietal lobe. All of them also showed ideational apraxia with praxic disturbances attributable to a conceptual defect or a disorder in the general configuration of the gesture, as they showed no response, performed irrelevant or unrecognisable movements, or produced different types of ideational or content errors when attempting to carry out serial acts. 22 Roy and Square have proposed a two part system as a basis for action (praxis): a "conceptual" system that encompasses a knowledge base for action and a "production" system that provides the mechanisms for movements.23 Within this model, the syndrome of ideational or conceptual apraxia is due to failure of the conceptual praxis system (or action semantics), whereas ideomotor apraxia would result from a disruption of the production praxis system.'4 Both systems interact closely as ideomotor apraxia and ideational apraxia may coexist in patients with focal lesions in the posterior region of the left hemisphere, or in patients with diffuse brain damage.'5 As a matter of fact, ideational apraxia has been most often described in patients with dementia, and ideational apraxia together with aphasia and general intellectual dysfunction are commonly associated.22 [25] [26] [27] [28] There is a considerable overlap in clinical manifestations among the group of neurodegenerative disorders with ballooned achromasic neurons, because patients may present with symptoms and signs of basal ganglia dysfunction, aphasia, dementia, or a variable combination of all three. [1] [2] [3] [4] [5] [6] [7] [8] [29] [30] [31] [32] Until the aetiopathology of such disorders is clarified, description of their main neuropsychological features may help to establish useful criteria for clinical classification.
